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We report neutron scattering data and DFT calculations of the stoichiometric iron-arsenide su-
perconductor Sr2VO3FeAs. Rietveld refinements of neutron powder patterns confirm the ideal
composition without oxygen deficiencies. Experiments with polarized neutrons prove weak mag-
netic ordering in the V-sublattice of Sr2VO3FeAs at ≈ 45 K with a probable propagation vector
q = ( 1
8
, 1
8
,0). The ordered moment of ≈ 0.1 µB is too small to remove the V-3d bands from the
Fermi level by magnetic exchange splitting, and much smaller than predicted from a recent LDA+U
study. By using DFT calculations with a GGA+EECE functional we recover the typical quasi-nested
Fermi-surface even without magnetic moment. From this we suggest that the V-atoms are in a Mott-
state where the electronic correlations are dominated by on-site Coulomb-repulsion which shifts the
V-3d states away from the Fermi energy. Our results are consistent with photoemission data and
clearly reveal that Sr2VO3FeAs is a typical iron-arsenide superconductor with quasi-nested hole-
and electron-like Fermi surface sheets, and constitutes no new paradigm. We suggest that intrinsic
electron-doping through V3+/V4+-mixed valence is responsible for the absence of SDW ordering.
PACS numbers: 74.70.Xa, 61.05.fm, 74.25.Jb, 74.25.Ha, 71.15.Mb
I. INTRODUCTION
Superconductivity in iron-arsenide compounds occurs
in the proximity of magnetic ordering,1,2 and it is to-
day believed that magnetic fluctuations play an essential
role in the formation of the cooper pairs .3–5 In typi-
cal parent compounds like LaFeAsO or BaFe2As2,
6 the
stripe-type antiferromagnetic (AF) order of the iron mo-
ments becomes destabilized either by doping or applying
pressure while superconductivity emerges.7–9 High crit-
ical temperatures above 30 K are obviously confined to
this scenario, since other iron-pnictide superconductors
like LaFePO10 or KFe2As2
11 without magnetic order-
ing exhibit critical temperatures below 5 K. An excep-
tion seems to be the iron-arsenide Sr2VO3FeAs which
is superconducting up to 37 K12 and even 45 K under
pressure13 in its stoichiometric parent phase. No mag-
netic ordering in the FeAs-layer or structural phase tran-
sitions have been found up to now. However, the true
stoichiometry of this compound has been a subject of
discussion. It was also debated whether intrinsic electron
doping through oxygen deficiency or V3+/V4+ mixed va-
lence might play a role.14,15 The latter may explain the
absence of magnetic ordering, however, the concrete oxy-
gen content has never been determined experimentally,
and also the presence of V4+ is still unproved.
Shortly after the discovery of Sr2VO3FeAs it was sus-
pected that this material may constitute a new paradigm,
as its electronic structure did not seem to fulfill the
Fermi surface (FS) quasi-nesting condition, which is be-
lieved to be essential for high critical temperatures. In-
deed first GGA-calculations predicted half-metallic V-3d
bands and magnetic properties inconsistent with experi-
mental data.16 Weak hybridization between the V-3d and
Fe-3d bands near EF changes the FS topology signifi-
cantly and destroys the quasi-nesting.16,17 However, by
weighting the electronic states of this more complex FS
with their Fe character, a FS was obtained that again
supports the quasi-nesting model.18 The latter was also
confirmed by angle resolved photoemission experiments
with Sr2VO3FeAs crystals.
19 It was suggested that mag-
netic ordering of the V-sublattice could remove the V-3d-
states from the Fermi level by magnetic exchange split-
ting, so as to maintain the characteristic quasi-nested
FS topology. First evidence for such magnetic order-
ing was found by neutron-scattering,20 but the magnetic
structure remained unclear. Antiferromagnetic ordering
of the V-sublattice was also indicated by µSR- and NMR-
spectroscopy.21 LDA+U calculations revealed an antifer-
romagnetic ground state with a gap in the V-3d bands
and a magnetic moment of ≈1.8 µB per vanadium.22 In
this case, the magnetic exchange splitting would be large
enough to open a significant gap in the V-3d bands, but
on the other hand, a magnetic moment of such magnitude
has not been observed by any experiment so far.
In this article we present neutron diffraction data of
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2polycrystalline Sr2VO3FeAs and DFT calculations to
understand the results. By using polarized neutrons
we show that antiferromagnetic ordering evolves around
45 K with a magnetic moment of ≈ 0.1 µB per vana-
dium, thus more than one order of magnitude smaller
than the LDA+U prediction. GGA+EECE calculations
reveal that the V-3d orbitals are in a Mott-state and
subject to strong on-site repulsion correlations which re-
move the V-states from the Fermi level without signifi-
cant magnetic moment, leading to a consistent picture of
this superconducting material.
II. EXPERIMENTAL DETAILS
A polycrystalline sample of Sr2VO3FeAs (4 g) was syn-
thesized in four separate 1 g batches. Stoichiometric
mixtures of Sr, V, Fe2O3 and As2O3 were transferred
into alumina crucibles and sealed in quartz ampoules un-
der argon atmosphere. The samples were heated up to
1323 K for 60 h at rates of 60 K/h and 200 K/h for heat-
ing and cooling, respectively. Afterwards, the samples
were ground in agate mortars, pressed into pellets and
sintered for 60 h at 1323 K. The batches were then united,
homogenized, pressed into two pellets, both pellets being
placed in the same alumina crucible, and sintered again
for 60 h at 1323 K. The product was obtained as a black,
polycrystalline and air-stable sample. Room temperature
X-Ray powder diffraction patterns were recorded using
a STOE Stadi P (Cu-Kα1 radiation). Room tempera-
ture high resolution neutron diffraction data were mea-
sured at SPODI (FRM II, Garching, Germany) with an
incident wavelength of 0.1548 nm. Measurements with
polarized neutrons were recorded at the polarized neu-
tron spectrometer DNS with an incident wavelength of
0.42 nm. Polarization analysis was performed via the
xyz-method.23 For Rietveld refinements of the data the
TOPAS package24 was used with the fundamental pa-
rameter approach as reflection profiles. March Dollase or
spherical harmonics functions were used to describe the
preferred orientation of the crystallites. Magnetic mea-
surements were performed using a SQUID magnetometer
(MPMS-XL5, Quantum Design, Inc.).
Electronic band structure calculations were performed
with the WIEN2k program package25 using density func-
tional theory (DFT) within the full-potential LAPW-
lo method and the generalized gradient approximation
(GGA) with a separation energy for core and valence
states of 6 Ry. The energy and charge convergence cri-
teria were chosen to be 10−5 Ry/cell and 10−4 e/cell,
respectively, and 56 irreducible k-points were used with
a cutoff for plane waves RmtKmax = 7.0. For detailed
descriptions see26 and27. In order to reproduce the
Mott insulating state of the vanadium-oxide layer in
Sr2VO3FeAs we have used the EECE (Exact Exchange
of Correlated Electrons) approach implemented in the
package.28 The functional is obtained by removing the lo-
cal exchange-correlation energy of the V-3d orbitals and
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FIG. 1. X-Ray (bottom) and SPODI (top) neutron diffraction
pattern of Sr2VO3FeAs with Rietveld refinements.
replacing it with the exact Hartree-Fock (HF) exchange
energy. Thus the exchange term is corrected by an exact
expression instead of approximations as in LDA+U or
GGA+U schemes.
III. RESULTS AND DISCUSSION
Rietveld refinements of the X-ray and SPODI neutron
data (Fig. 1) revealed the sample composition 91.3 %
Sr2VO3FeAs with 3.2 % Sr3V2O7−x, 2.2 % orthorhom-
bic Sr2VO4, and 3.3 % FeAs as impurity phases (wt-%).
No oxygen deficiency was detected in the Sr2VO3FeAs-
phase, since both oxygen sites remained fully occupied
within the experimental errors during the refinement.
Also, no vanadium was detected on the iron site, hence,
the Sr2VO3FeAs phase in the sample turns out to be
stoichiometric.
Magnetic susceptibility measurements (Fig. 2) revealed
that the sample is superconducting with Tc = 25 K.
Thus, our stoichiometric Sr2VO3FeAs has a compara-
bly low Tc, which contradicts to the work of Han et al.
where nominally stoichiometric samples exhibit the high-
est critical temperatures and decreasing values were at-
tributed to oxygen deficiencies.14 The superconducting
volume fraction of our sample is roughly estimated to be
about 26 %. Although most experimental works do not
mention the superconducting volume fractions achieved,
such small values have been reported before20 and seem
to be another general peculiarity in this system besides
the strongly differing superconducting transition temper-
atures.
Our earlier neutron diffraction experiments revealed
weak additional reflections at low temperatures which in-
dicate possible magnetic ordering of vanadium.20 In order
3FIG. 2. Zero-field-cooled/field-cooled susceptibility of
Sr2VO3FeAs at 15 Oe.
FIG. 3. DNS neutron scattering pattern of Sr2VO3FeAs at
2 K divided into nuclear (black), magnetic (purple) and spin
incoherent (green) contributions. Inset: Enlarged image of
the magnetic contribution.
to clarify the origin of these reflections, we performed low
temperature diffraction experiments with polarized neu-
trons. Hereby, nuclear and magnetic reflections can be
separated from each other and from the spin incoherent
scattering. Figure 3 shows the intensity relation between
all three contributions. All intensities have been normal-
ized to the total spin incoherent scattering cross-section
of vanadium. It is evident that the magnetic scattering
is very small compared to the nuclear part. Nevertheless,
significant magnetic peaks are visible (inset of Fig. 3).
These reflections differ from those observed earlier20
because of the spin incoherent scattering contribution.
Due to the large incoherent scattering length of 51V this
contribution causes a strong scattering background. The
polarization analysis allows to filter out the true mag-
netic reflections shown in the inset of Figure 3. These
reflections can be indexed as ( 18 ,
1
8 ,l) and thus point to a
magnetic ordering of the vanadium moments with a prop-
FIG. 4. Temperature dependency of the magnetic ordering
parameter of the V-sublattice in Sr2VO3FeAs measured at
Q = 0.29 A˚−1.
agation vector q = ( 18 ,
1
8 ,0). Due to different intensities
of the reflections, we assume that the magnetic moments
are aligned along [001]. The temperature dependency of
the magnetic ordering parameter is shown in Figure 4.
The magnetic transition at about 45 K is consistent with
magnetic susceptibility measurements15,20 which showed
anomalies around 50 K which is related to the magnetic
transition reported here. However, our neutron exper-
iments showed no significant change of the diffraction
pattern in the temperature range of the further reported
susceptibility anomalies around 70 K and 150 K.
From the magnetic scattering intensity we estimate an
ordered magnetic moment of ≈ 0.1 µB/V in agreement
with the µSR experiments,21 but in stark contrast to
LDA+U calculations which predicted much higher val-
ues around 1.8 µB/V.
22 However, the magnetic exchange
splitting of a 0.1 µB magnetic moment is certainly too
small to remove the V-3d states from the Fermi energy.
We therefore suggest that the V-atoms in Sr2VO3FeAs
are in a Mott-state where the electronic correlation is
dominated by the on-site coulomb-repulsion, but with-
out magnetic ordering. In order to check this idea,
we performed GGA+EECE calculations with an exact
(Hartree-Fock) exchange correction applied to the V-
3d orbitals without magnetic moment. Figure 5 shows
the band structures and Fermi surfaces of non-magnetic
Sr2VO3FeAs calculated with standard GGA and with
GGA+EECE, respectively. The standard GGA calcu-
lation produces metallic V-3d bands, and consequently a
FS which is more complex due to the hybridization of V-
3d with Fe-3d bands. By applying the EECE functional
the V-3d bands are shifted to much lower energies, and
the vicinity of the Fermi energy is now dominated by the
Fe-3d states as known from other iron-arsenide materi-
als. Even without magnetic moment, the FS shows the
quasi-nesting between hole-like and electron-like cylin-
ders, which is the typical FS-topology of iron-arsenide
superconductors. LDA+DMFT calculations provide sim-
ilar results.29 However, the absence of magnetic ordering
4FIG. 5. Band structure of Sr2VO3FeAs with iron (top) and
vanadium (middle) contributions emphasized and Fermi sur-
face (bottom) calculated with GGA (left) and GGA+EECE
(right).
in the Fe-sublattice and superconductivity in the stoi-
chiometric phase indicates that Sr2VO3FeAs is intrinsi-
cally doped, probably by a certain degree of V3+/V4+
mixed valence.
IV. CONCLUSION
Our results consistently show that Sr2VO3FeAs is a
typical iron-arsenide superconductor with quasi-nested
FS topology, and constitutes no new paradigm. No devia-
tions from the ideal composition were found by Rietveld-
refinements of neutron powder patterns, ruling out oxy-
gen deficiency as well as V-doping at the Fe site. Mag-
netic ordering in the V-sublattice was detected by po-
larized neutron scattering with a probable propagation
vector q = ( 18 ,
1
8 ,0). The estimated ordered moment
of 0.1 µB/V is much smaller than recently predicted
by LDA-U calculations, and certainly too small to pro-
duce a significant gap in the V-3d bands by magnetic ex-
change splitting. However, our DFT calculations using a
GGA+EECE functional revealed the typical quasi-nested
FS even without magnetic moment. The V-atoms are in
a Mott-state where the electronic correlations are dom-
inated by on-site Coulomb-repulsion, which shifts the
V-3d states away from the Fermi energy. We suggest
that intrinsic electron-doping through V3+/V4+-mixed
valence is responsible for the absence of SDW order-
ing and thus for superconductivity even in the undoped
phase.
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